Impaired recognition of familiar voices (phonagnosia) has been described in patients with focal brain lesions [7] and in behavioural variant frontotemporal lobar degeneration (FTLD) [5] , but the mechanisms that underpin deficits are less well characterised than for defective face recognition (prosopagnosia). The syndrome of semantic dementia (SD) is characterised by progressive breakdown of semantic knowledge associated with selective atrophy of the anterior temporal lobes, and offers a useful disease model in which to study different aspects of person knowledge. SD may present with progressive prosopagnosia in association with predominant atrophy of the right temporal lobe [3, 6] , and voice recognition may also become impaired in such cases [3] . However, voice recognition has seldom been assessed in detail and the cognitive relations between the processing of voices, faces and other aspects of person knowledge remain to be clarified. Emerging evidence in the normal brain suggests a framework for the organisation of voice processing that is somewhat analogous to the processing of faces [1, 2] . In particular, parallels can be drawn between cases of "associative" phonagnosia and associative prosopagnosia [4, 5] , in which impairments of familiar voice recognition occur despite intact perception of voices, supporting a hierarchical cognitive model of voice recognition in which perceptual mechanisms precede and interact with semantic mechanisms. In this study we investigated perceptual and semantic dimensions of voice processing in patients with semantic dementia (SD) and in a comparison group of patients with typical Alzheimer's disease (AD), in relation to healthy age-matched controls. Using a novel neuropsychological battery, voice recog- * Corresponding author. E-mail: hailstone@drc.ion.ucl.ac.uk.
nition was compared with face and proper name recognition in order to investigate the modality specificity of any deficit.
Methods

Subjects
14 patients fulfilling clinical criteria for semantic dementia (SD), 22 patients fulfilling criteria for Alzheimer's disease (AD) and 35 age-matched control subjects participated. General neuropsychological functions were assessed in all patients. The AD and SD groups were matched for age, education and disease severity.
Experimental tests
Perceptual functions were assessed using a novel test of voice discrimination (in which the task was to detect a change in speaker within a spoken phrase) and with the Benton Facial Recognition Test.
Two semantic tasks were administered in each of the three modalities (voices, faces, proper names). In the familiarity task, 48 stimuli were presented (24 famous people, 24 not famous) and the task on each trial was a "Yes/No" familiarity decision. In the second task, the same 24 famous people were re-presented separately in each modality and the task was to identify each individual (based on specific biographical information). Behavioural data were analysed using linear regression models. Fig. 1 . Mean scores and standard deviations for voice, face and name identification tasks in SD, AD and control groups are displayed. Significant differences from controls are indicated (p < 0.01).
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Results
The AD group showed impaired voice discrimination compared with healthy controls while the SD group performed normally on voice discrimination, however the performance of the two disease groups did not differ significantly on this task. Both disease groups showed impaired face perception performance, but again, there was no significant difference between the disease groups on this task.
Scores for identification of famous voices, faces and names are displayed in Fig. 1 . A similar pattern of results across the groups was observed for familiarity and identification semantic tasks; AD and SD groups performed worse than controls at all semantic tasks, and the SD group performed significantly worse than the AD group across modalities. Relative to the AD group, processing of names was the most severely affected of the semantic modalities in the SD group.
Conclusion
Patients with common dementia syndromes have deficits of voice processing however the profile of voice deficits differs between diseases. Impaired voice recognition in SD occurs in the context of a severe multimodal deficit of person knowledge. The less severe voice recognition deficit in AD may be partially underpinned by deficient perceptual analysis.
